A simple and quite flexible numerical model is presented to predict the steady state ice-layer formation inside a cooled two dimensional channel or a tube containing a turbulent flow. The effects of arbitrary entrance velocity distributions upon the shape of the ice-layers are examined. The presented numerical scheme is verified by comparing the predicted ice-layers with measurements and generally good agreement was found.
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Introduction
Ice-formation phenomena for flowing water in a pipe or a channel, whose wall is kept at a uniform temperature below the freezing temperature of the water, is a basic engineering problem. It introduces many practical problems, such as pressure drop, diminution of flow rate and, sometimes, breakage of the pipe as a result of flow blockage by ice. If solidification on the cooled walls can not be suppressed, steady-state conditions must be aimed. Many theoretical and experimental studies have been performed for fluid flow with solidification in circular tubes and parallel plate channels and its effect upon laminar-flow heat transfer [1 4]. On the other hand, there are only few studies which deal with the prediction of ice-layers in the presence of turbulent flow. In many of these existing investigations it was assumed that the axial velocity profile will be similar to the fully developed turbulent entrance velocity profile throughout the whole axial region. By applying this assumption and with the use of an appropriate coordinate transformation, the energy equation can be reduced to a turbulent Graetz problem without solidification [5, 6] . In the theoretical treatment of solidification in turbulent flow it was generally assumed, that the increase in ice-layer thickness in flow direction is small, so that the ice-layer is smooth and grows monotonously in thickness with increasing axial distance from the entrance.
This assumption is correct, if the acceleration of the fluid in the entrance section, because of converging ice-layers, is not so pronounced that laminarization of the fluid occurs [10] . To our knowledge, there exists no numerical treatment of the conservation equations for turbulent flow with solidification inside a tube or a parallel plate channel.
Just as scarcely as theoretical studies on turbulent freezing inside a tube or channel, are experimental investigations which deal with smooth ice-layers in turbulent flow. There are many difficulties for direct measurement of the thickness of a smooth ice-layer inside a pipe. Therefore, there exist only measurements of the pressure drop and the heat flux at the pipe wall as a function of the axial distance [7, 8] . In the case of ice-formation for water flow between two cooled plates, only one experimental study [9] is known.
The subject of this paper is the presentation of a simple and quite flexible numerical model for the prediction of steady-state ice layers inside a cooled pipe or a parallel plate channel containing a turbulent flow. The investigation deals solely with smooth ice-layers, which means that laminarization phenomena in the entrance region of the duct are excluded. The effect of the entrance velocity profile on the shape of the ice-layers is examined by performing the calculations both with a fully developed turbulent velocity profile at the entrance of the cooling section and with a slug flow profile. Figure 1 shows the geometrical configuration and the coordinate system. The characteristic length L denotes half of the channel height h for the flow in a parallel plate channel and the radius R for the flow in a circular tube. The turbulent fluid flow enters the cooled section at x = 0 with an arbitrary velocity profile and with constant temperature T o . In the chill region the wall temperature is maintained at a constant value T w, which is lower than the freezing temperature T e of the fluid and a frozen layer is generated at the cooled wall. By assuming an incompressible, Newtonian fluid with constant fluid properties, the steady-state conservation equations for the fluid are cast into nondimensional form by use , , Pr= ; Prt= ; 0 ......................... ( 1 Equations (2)- (6) and Equations (7)- (8) 
Analysis

Basic equations and assumptions
Temperature distribution in the solid region
With the boundary condition Eq. (8), the temperature distribution in the solid phase is easily calculated from Eq. (7). For
